Eighty strains of homofermentative tetrad-forming lactic acid bacteria were isolated from fish sauce fermentation in Thailand. These bacteria were divided into three groups based on the phenotypic and chemotaxonomic characteristics including DNA relatedness. Forty strains (Group I) showed high degrees (70.0% to 109.1%) DNA-DNA homology with Tetragenococcus halophilus ATCC 33315. They were identified as T. halophilus. Thirty-eight strains (Group II) showed high degrees (70.9% to 105.6%) of DNA-DNA homology with Tetragenococcus muriaticus JCM 10006. They were identified as T. muriaticus. Two strains (Group III) showed low degrees (3.7% to 16.3%) of DNA-DNA homology with T. halophilus ATCC 33315, T. muriaticus JCM 10006, and Aerococcus uiridans TISTR 393. Then they were left unidentified. Group I and Group II strains are halophilic which grew in 25% NaCl. All the strains tested produced L-lactic acid and contained cellular fatty acids with C18:1 as the major component. Some of the selected strains produced histamine ranging from 0.04 to 52.29mg/100 ml. The differentiation of Tetragenococcus strains is discussed.
(day) of strain number indicated the period of fermentation of batches from which they were isolated.
Morphological and cultural characteristics. Cell form, cell size, cell arrangement, and colonial appearance were examined on the cell grown on MRS agar with 5% NaCl incubated for 5 days. Hucker-Conn modification'" was used for gram stain. Spore forma.tion was examined in gram-stained specimens. Motility was detected by the appearance of stab cultures in soft agar'''.
Biochemical and physiological characteristics. The following tests were carried out: activities of catalase with hematin in the medium and of oxidase, nitrate reduction, hydrogen sulfide formation, and the hydrolysis of arginine, casein, starch, gelatin and tributyrin.
In addition, the oxidation-fermentation test and the Methyl red-Voges-Proskauer reaction were performed, as previously reported'''. The effect of temperature (40, 50°C) and different starting pHs (4.2, 5.0, 6.5, 8.0, and 9.0) were determined in MRS with 5% NaCl while the different concentrations of NaCl (0, 10, 15, 20, and 25 %) were tested by using MRS broth as basal medium. Acid formation from carbohydrates was determined in medium supplemented with 5% NaC1 as reported previously'''.
The tested strains were cultivated in histidine containing medium with 10% NaCl and the supernatant was analyzed for histamine by the AOAC method.
Isomer of lactic acid. The tested strains were cultivated in GYPB broth with 5% NaCl for 5 days"). Lactic acid was extracted from the supernatant of the fermentation broth with ether and was analyzed by the enzymatic method reported by Okada et Cellular fatty acid composition. Methyl esters of fatty acids were prepared using a 5% methanolic hydrochloric acid solution from dried cells (40mg), which were cultivated in MRS broth with 5% NaC1 as described by Ikemoto et al.24) . The samples were analysed by gas-liquid chromatography.
DNA-DNA hybridization. DNAs were isolated from cells grown in MRS broth with 5-10% NaCl after incubating for 1-2 days and were purified by the method of Saito and Miura. For strains with difficult in isolation of DNA, the medium was supplemented with 0.5% glycine"). Photobiotin labeling DNA-DNA homologies were carried out in 2xSSC (saline trisodium citrate) and 50% formamide solution at 40°C for 12h and detected by the colorimetric method. All tested strains in Group I produced low concentration of histamine while the most of the strains in Group II produced high concentrations. Histamine production was found to be variable in the strains of Group II (Table 2) .
Results and Discussion
The strains in Group I (PMO-8, PM0-10, P7-23, P7-27, K4-2, K2-32, K5-51, K6-35, C1-5, and C1-14) ; Group II (PWO-8, P7-37, K1-31, K3-26, P7-18, and C2-1; and Group III (C0-1) produced L + DL or L-lactic acid as the major product from glucose as reported for T. halophilus ATCC 33315T and T. muriaticus JCM 10006'2). The tested strains contained cellular fatty acid of C18:1 as the major component. The straight chain acids of C14:0, C14:1, C16:0, C16:1, C18:0, C20:1, and Cy 19 cyclopropane acids were also found as is shown in Table 3 . The strains in Group I (PMO-8, P7-23, K2-44, K4-16) and Group II (P7-18, K1-31, K3-26, K5-37, K18-1, C2-1) showed the same fatty acid profiles. Because fatty acids were esterified by refluxing with HC1/Methanol, the amount of Cy 19 cyclopropane acids was not as high as reported for up. "P. halophilus by Ushida and Mogi° However this result is consistent with the fatty acid profiles described by Satorni et. "). Although the C18:1 content of Group I and Group II strains was slightly different, this characteristic was not significant enough for their differentiation.
Group III strains (C0-1, CO-2) had no Cy 19 cyclopropane acids and contained the same fatty acid profiles as reported for Aerococcus viridarte). The DNA relatedness as shown in Table 4 bohydrates. All grew in 25% NaC1 (Table 1) . They were identified as T. halophilus"'"). (Table 4) . Few of them grew in MRS with no NaC1, but all did in 25% NaCl. Most of them did not ferment as many carbohydrates as Group I strains (Table 1) . They were identified as T.
muriaticus 1L31)
Two strains in Group III (C0-1, CO-2.) showed low degrees (3.7% to 16.3%) of DNA-DNA homology with T. halophilus ATCC 33315T, T. muriaticus JCM 10006T, and A. viridans TISTR 393' (Table 4 ). They did not grow in 20% NaCl. Their charactristics are similar to Pediococcus and Aerococcus . Further studies on their 16S r RNA sequences would have required proposing a new spcecies, and were therefore left unidentified.
T. halophilus strains
have preiously been re- . In this study, we found many isolates from fish sauce (narn-plai). These isolates displayed characteristics which varied widely from one another, and also varied from characteristics of the type strains shown in Table 1 T. halophilus and T. muriaticus strains are widely distributed in many batches of fish sauce fermentation in Thailand. They fermented many carbohy- 
